Since the two N-terminal dsRBDs of Loquacious also participate in the biogenesis of miRNAs in the context of the Dcr-1/Loqs-PB complex, we also studied the "diced" miRNA/miRNA*-duplex and the premiRNA forms of bantam. Finally, we engineered a short, 14 bp duplex with a blunt end on one side. To perform fluorescence anisotropy measurements, a fluorophor (FITC) was attached to the model substrates at the first nucleotide of the 2 nt 3'-end single-stranded overhang (i.e. directly adjacent to the doublestranded part). We determined comparable binding constants with model substrates of siRNA and miRNA/miRNA* duplexes based on the Drosophila miR-8 sequence, indicating that independent binding of the two domains was not specific for the bantam based model substrates (Supplementary Figure 3D) .
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We observed that the chemical shift perturbations upon RNA binding were only marginally affected by shortening of the linker (Supplementary Figure 7C) , unless almost the entire linker (Δ209-249 = Loqs-PD Δ41) was deleted, in which case all signals in the NMR spectrum experienced severe line-broadening (data not shown). This might indicate the formation of intermolecularly connected protein-RNA networks with high molecular weight. In any case, the data show that a wild type linker length is not essential for RNA binding.
Supplementary Methods

Genome editing and deep sequencing of small RNAs in S2 cells
S2 cells were transfected with pRB14 and PCR products for sgRNA expression as previously described (1). Single-cell clones were then established and screened via PCR amplification and T7 endonuclease reactions for the presence of mutations. Homozygous mutant clones were identified by lack of detectable protein in Western blots and then confirmed by sequencing. The oligonucleotides used for sgRNA expression were 5'-taatacgactcactataGCGGCACTATAATAACCTTGTgttttagagcta-3' for Loqs and 5'-taatacgactcactataGGAGATAGAGGCCCTTGGAAAgttttagagcta-3' for R2D2. The antibodies against Loqs and R2D2 were kind gifts of Dr. Mikiko Siomi. Small RNA library preparation was performed as described (2).
First, we checked whether the abundance of miRNA-matching and transposable-element matching siRNA reads are differentially affected by the genotype. To this end, we log-transformed the raw read counts (to avoid predominance of highly abundant species) from all untreated sequencing runs and then plotted these values for the r2d2-mutant vs. the loqs-mutant cell lines. A systematically lower read count in e.g. the loqs mutant cell line for one of the small RNA species will result in a change of the slope of a trendline through all corresponding datapoints, while a difference in sequencing depth will affect the axis intercept. The difference in the slope of miRNA vs. endo-siRNA reads is a measure for one of the small RNA species being more sensitive to factor deletion. We did not see a strong and systematic difference in miRNA vs.
endo-siRNA abundance (endo-siRNAs 1.1 +/-0.02 fold more strongly reduced than miRNAs upon deletion of loqs). It has previously been noted that, while loqs mutants do show an increase in pre-miRNA levels, the mature miRNAs on average showed a rather mild reduction in the soma, e.g. (3). Individual species, such as miR-305 did show an appreciable dependence on Loqs-PB and we could detect this effect in our sequencing data for the loqs mutant (raw read counts): S3 However, the reduction in miRNA levels on average largely corresponds to the effects on siRNA levels.
Finally, we verified that there is no systematic shift in miRNA positions between the r2d2 and loqs mutant datapoints in the comparative diagrams (Suppl. Fig. 2D and E).
Based on this, we decided to normalize all datasets to the number of miRNA-matching reads since these are predominantly beta-elimination sensitive in all genotypes. This allowed us to arrange the twodimensional data for r2d2 vs. loqs mutant cells in a single plot for direct comparison. These can be found in Fig. 1 A and in supplementary Fig. 2 A-C. Consistently, the endo-siRNA datapoints showed a greater extent of beta-elimination sensitivity in the loqs mutants vs. the r2d2 mutants. For a quantitative analysis, we log-transformed the data to mitigate the influence of highly abundant species and then calculated trendlines by linear regression. In this case, the slope of the trendline was unaffected by genotype while the axis intercept was systematically lower for the loqs mutant clones. After back-transformation, we find that the transposon-targeting endo-siRNAs were 3.5 +-0.9 fold more sensitive to beta-elimination in the loqs mutant than in the r2d2 mutant cells. This effect was consistent in all three replicates (Supplementary Fig.   2 A-C, p <0.03, paired t-test).
Protein expression, purification and NMR sample preparation
Constructs with varying linker lengths were expressed in the same vector and purified as follows. The soluble fraction of the target protein decreased with decreasing linker length. Protein expression was induced with 0.5 mM Isopropyl beta-D-1-thiogalactopyranoside (IPTG) at an OD600 ~0.8. After expression at 20°C for ~ 16 hours the cells were harvested by centrifugation, resuspended in lysis buffer (50 mM Tris pH 8.0, 1 M NaCl, 10 mM imidazole, 5 mM β-Mercaptoethanol), incubated with lysozyme, DNase and EDTA-free protease inhibitor on ice and sonicated. After lysis the supernatant was applied to a Ni-NTA column and washed with half a column volume of 1 M LiCl (50 mM Tris pH 7.2, 10 mM Imidazole, 5 mM β-Mercaptoethanol) buffer followed by three column volumes of the same buffer with LiCl replaced by 1 M NaCl. Afterwards the protein was eluted with 400 mM Imidazole (50 mM Tris pH 7.5, 200 mM NaCl, 5 mM β-Mercaptoethanol). The His-tag was cleaved by 0.1 mg TEV protease/mg protein in presence of 2 S4 mM DTT at 4°C for 20 hours and afterwards separated from the protein by another Ni-NTA chromatography step. For further purification the eluate was applied to a Superdex 75 column using a 500 mM NaCl, 0.1 mM EDTA and 5 mM DTT buffer with either 20 mM HEPES (pH 7.2) or 20 mM sodium phosphate (pH 6.5). These buffers were used to concentrate samples to 200 µM using a centricon device.
For structure determination phosphate buffer was used whereas titration experiments were performed in HEPES buffer (20 mM HEPES pH 7.2, 500 mM NaCl, 0.1 mM EDTA, 10 mM DTT). Only the 12-mer RNA was titrated in phosphate buffer at pH 7.2.
For NMR experiments single-strands of the bam-siRNA (5'-UCAGCUUUCAAAAUGAUCUCACU-3', 5'-UGAGAUCAUUUUGAAAGCUGAUU-3') were purchased from IBA GmbH (Göttingen, Germany) and dissolved in annealing buffer (20 mM sodium phosphate pH 6.5, 50 mM NaCl, 2 mM DTT, 0.1 mM EDTA), mixed in equimolar amounts and annealed using a temperature gradient from 95°C to 4°C in a thermocycler. Successful annealing was verified by imino NOESY spectra recorded at 278 or 298 K (data not shown). For PRE experiments the bam-siRNA was chemically synthesized and a TEMPO-radical was attached to both 5' ends as described (5). Each spin-labelled strand was annealed with the respective pairing but unlabeled strand for NMR spectroscopy as described above. Successful incorporation of the spin label was proven by mass spectrometry, HPLC and NMR spectroscopy (data not shown). Prior to the PRE experiments incorporation and integrity of the TEMPO spin label were tested by 1D NMR spectroscopy of the paramagnetic and diamagnetic (upon reduction with ascorbic acid) free dsRNA. To measure intermolecular PREs between the RNA and protein, the annealed dsRNA was mixed with 15 N labelled
NMR spectroscopy
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Loqs-PDΔNC at a protein:RNA ratio of 1:1.5 in HEPES buffer (s. above). The spin label was reduced by addition of pH adjusted ascorbic acid in a 4 to 5-fold excess. For both paramagnetic and diamagnetic states
HSQCs with high numbers of scans were recorded. The PRE effect was determined by calculating the intensity ratio of the para-and diamagnetic spectra. We used 1D spectra of the complex to confirm that the spin label is intact and only reduced upon addition of ascorbic acid.
Structure calculations
Structure calculations using ROSETTA were based on NMR chemical shifts and NOE data. The structures of dsRBD1 and dsRBD2 were calculated using CS-Rosetta (6) and CS-RASREC-Rosetta (7), respectively.
Backbone and side-chain chemical shifts and unassigned NOE peak lists were combined and included with CS-RASREC-ROSETTA as described (7).
Static Light Scattering
SLS measurements on Loqs-PDΔNC, bam-siRNA and the complex were performed by connecting a Viscotek TDA 305 triple-array detector to an Äkta Purifier equipped with an analytical size-exclusion column at 4°.
Samples in 250 mM NaCl 20mM Tris pH 6.5 were passed through a GE Superdex200 10/300 column at a flow rate of 0.5 ml/min. The sample concentrations used were 3.8 mg/ml for Loqs-PDΔNC, 1800 ng/µl for dsRNA and 4.1 mg/ml protein at a 3:1 ratio for the complex. The molecular masses of the samples were calculated from the experimentally determined refractive index and right-angle light-scattering signals using the Omnisec software package (Malvern Instruments). The SLS detector was calibrated with a bovine serum albumin solution (4 mg/ml), taking 66.4 kDa as the molecular mass of the bovine serum albumin monomer and assuming a dn/dc value of 0.185 ml/g for protein, 0.165 for RNA and 0.177 for a 1:1 complex.
Small-angle X-Ray scattering
SAXS measurements were performed on a Rigaku BIOSAXS1000 instrument with a HF007 microfocus generator equipped with a Cu-target at 40kV and 30mA. A Pilatus 100k detector was used for image collection. Transmissions were measured with a photodiode beamstop, and a silver-behenate sample was used for q-calibration. Measurements were made in multiple 900 sec frames checked for beam damage and averaged. Circular averaging and background subtraction was done with the Rigaku SAXSLab software.
Distance distribution functions P(r) were calculated with GNOM, rigid body modeling was performed using CORAL, both within the ATSAS package v 2.6.0-1(8). Molecular weights were calculated from POROD volumes as described.
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RNA sample preparation
For binding experiments, bantam 23 nt sense (5'-UGAGAUCAUUUUGAAAGCUGAU*U-3') and siRNA antisense (5'-UCAGCUUUCAAAAUGAUCUCACU-3') or miRNA antisense (5'-UCGGUUUUCGAUUUGGUUUGACU-3') were annealed by heating to 95°C followed by slow cooling To study the impact of protein binding on the RNA structure, both bam-siRNA strands were produced by in vitro transcription as single strands according to Milligan et al. (1987) . At both ends bases were changed to GG at the 5' terminus for higher transcription efficiency. The two template strands including a reverse complementary T7 polymerase binding site and the T7 top strand were ordered from Eurofins Genomics GMBH, Ebersberg. After optimization of MgCl2 concentration, transcriptions were performed in preparative batches of 5 or 10 ml. For a 5 ml transcription first annealing of both T7 top strand (TAATACGACTCACTATAG) and the respective template strand (5'-AAGGAGATCATTTTGAAAGCTCCTATAGTGAGTCGTATTA-3', 5'-AAGGAGCTTTCAAAATGATCTCCTATAGTGAGTCGTATTA-3') in presence of MgCl2 (480 nM T7 top strand, 400 nM template strand, 40 mM MgCl2) was made in a thermocycler by a temperature gradient from 90°C to 10°C. Afterwards the strands were added to the reaction mixture (1xTRX-buffer,
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40mM Mg Cl2, 500mg/ml PEG8000, ATP/CTP/GTP/UTP 4mM each, 0.5 mgl/ml T7 RNA polymerase) and incubated at 37°C for 5 hours. By centrifugation for 10 min at 14000g the precipitate could be removed and the supernatant was ethanol precipitated (0.1x volume 3M NaAcO pH 5.5, 3.5x volume 100% cooled ethanol) at -20°C overnight. The RNA was pelleted by centrifugation,air dried to remove remaining ethanol and afterwards resuspended in 2-3 ml loading buffer (0.25% Bromphenol Blue, 30% glycerol, 1xTBE buffer). For purification the RNA was loaded onto a 8M Urea 20% acrylamide gel (0.5x TBE as running buffer) and the gel was run for 15 hours at constant 30W. The target RNA band was identified under UV light and cut out. To recover the RNA from the gel, electroelution in 0.5x TBE was used. The RNA was eluted at 200V and progress was monitored by determining the RNA concentration at the Nanodrop. Elution was essentially complete after 8 hours. The RNA was dialyzed against 1M NaCl and afterwards twice against ddH2O. At last the RNA was lyophilized and stored at -20°C. For NMR experiments the RNA was dissolved in either HEPES buffer (see above) for titrations or 50 mM NaCl, 20 mM sodium phosphate pH 6.5 for both RNA assignment experiments as well as complex spectra with Loqs-PD. As described previously the strands were annealed via a temperature gradient.
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Supplementary Figures
Supplementary Figure 1: Loading of Ago2 by RLC and alternative RLC
A) Schematic overview of the Loqs alternative isoforms, Loqs-PD interacts with Dcr-2. After the dicing of dsRNA into siRNAs, two distinct RISC loading complexes exist in S2-cells: conventional RLC composed of Dcr-2 + R2D2 and alternative RLC composed of Dcr-2 + Loqs-PD. B) Characterization of the mutant cell lines generated via cas9-CRISPR mediated genome editing. A series of single-cell clones was tested via western blotting using monoclonal antibodies (a kind gift of Dr. Mikiko Siomi) against Loqs (upper panel) or R2D2 (middle panel). The membranes were stained for total protein after the experiment as a loading control (bottom panel). The clones used for the experiments shown in Fig.  1 of the main text are 1-19-3 (no R2D2) and 3-19-35 (no Loqs). C) Drosophila miR-277 is diced by Dcr-1/Loqs-PB but then a substantial fraction is loaded into Ago2 via Dcr-2/R2D2 RLC. This fraction can be selectively interrogated with a perfect match miR-277 GFP reporter (9). We demonstrate that for S2-cells, both forms of RLC are active in parallel using reporter assays that detect the activity of RLC-loaded miR-277 (R2D2-dependent) and of aRLC loaded endo-siRNAs (Loqsdependent, see arrows).
Supplementary Figure 2: Further deep sequencing data analysis
A-C) Trendline analysis of the three independent biological replicates of our siRNA-loading analysis. In all cases, the transposon-targeting endo-siRNAs were more sensitive to β-elimination in the loqs mutant clones (3-19-35 and 3-7-25) than in the r2d2 mutant ones (1-19-3 and 2-7-13). The slopes and axis intercepts derived from the trendline analysis are indicated on the top right. D) Analysis of individual miRNA positions in the r2d2 and loqs mutant clones; the datapoints are identival to the miRNAs in A and B, for simplicity the endo-siRNA data was removed. For a selected set of miRNAs, we annotated the exact position of both, the 5'-and the 3'-product of the pre-miRNA hairpin. Changes between r2d2 and loqs mutant situation are indicated by an arrow (pointing from r2d2 to loqs mutant). N-HSQC spectra of the single domains (colored) overlay nicely with the tandem Loqs-PDΔNC spectrum. Additional black peaks can be assigned to the linker, which basically uncouples the two domains. B) The correlation time plotted against the residue number for the individual domains (light colored) and the tandem construct (dark) confirms the independence of both domains due to the flexible long linker. C) 10 lowest energy Rosetta structures of dsRBD1 (blue) and dsRBD2 (cyan) of Loqs. D) DALI alignment of S11 dsRBD1 and dsRBD2 with the respective top hits. The models suggest both domains bind RNA via the conserved dsRBD binding mode.
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Supplementary Figure 5: Site-specific cross linking of individual Loqs dsRBDs and binding studies with the nicked siRNA
A) Overview of the siRNA substrates employed in the cross-linking studies. The reactive thio-Uridine is indicated in red. B) Results of the cross-linking studies obtained with the individual Loqs-dsRBDs. A representative gel image is shown on the top, the quantification of 3 independent experiments is shown below (average ± SD). C) Binding studies using the nicked siRNA. The model substrates used are shown on the top left, an asterisk indicates the fluorescently labeled uridine residue. Both EMSA-measurements as well as fluorescence anisotropy measurements demonstrate comparable binding of the intact and the nicked siRNA. This is true for both Loqs-PDΔNC and for the individual dsRBD2 (bottom right).
Supplementary Figure 6: Observed intermolecular PRE for a TEMPO spin label attached to both ends
A) Results of the cross-linking studies obtained with the RNA duplexes mimicking the miRNA/miRNA* duplex. The respective structures are presented with the cross-linked thio-uridine indicated in bold (always in the red strand). Despite the presence of an internal bulge (e.g. for miR pos. 9 thio-uridine), we observed preferential cross-linking at the ends of the RNA duplex. The PRE calculated as Ipara/Idia is plotted against the residue number. The two domains are colored in blue and green respectively. The top diagram shows data for the spin label at the more stable end while the bottom one shows the results for the less stable end. For both cases weak PRE effects can be observed. However, for the stable end labeling more and stronger PREs are observed. B) PRE experiment using a different RNA, where base pairs in the terminal region of the duplex were altered (grey boxes in A and B) to invert the thermodynamic stability and create a much increased thermodynamic assymetric of the RNA duplex.
Supplementary Figure 7: Characterization of Loqs-PD linker deletion mutants
A) Amino acid sequences of wildtype Loqs-PD and linker mutants are shown. B) CSPs for the four linker mutants compared to the wildtype are shown. Overall, shortening the linker leads to low CSPs. C) CSPs for linker mutant RNA titrations are plotted. The same RNA as in figure 5B of the main manuscript was used. The binding mode is gradually affected by the linker length. However, overall line broadening increases with shorter linker leading to a loss of detectable signals (negative bars). This could be due to sliding or higher order complexes. D) P(r) SAXS curves of the wildtype protein and two linker mutants confirm the more compact state of the protein comprising a shorter linker. E) The linker mutants in complex with RNA yield shorter maximum distances than the wildtype. F) Binding studies with Loqs-PDΔNCΔ41 demonstrate that RNA binding is still possible at the concentrations employed for the fluorescence anisotropy assay. The binding affinities measured are indicated. G) The interaction between the longest deletion mutant (Loqs-PDΔ41) and Dcr-2 remains intact as demonstrated by successful co-immunoprecipitation. In this case, we used a genome-engineered cell line that carries a double FLAG-tag at the C-terminus of Dcr-2. We used this for immunoprecipitation and could show that an N-terminally myc-tagged, transiently transfected Loqs-PD full length as well as the linker deletion mutant co-immunoprecipitates with Dcr-2. Analogously tagged and transfected Renilla-luciferase or GFP, however, do not co-immunoprecipitate with Dcr-2, demonstrating specificity. 
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